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INTRODUCTION.

Present weather conditions and those immediately in prospect,
especially those relating to air move-t, have always been matters
of concern with navigators. In the days of sailing vassals weather
conditions were of prune importame, and in the present age, when
steam and other engines are used in .@iving vessels navigators are
still eatly dependent upon weather conditions, and the time is far

l!?off, “ indeed it ever comes, when the navigation of the oceans will
be entirely independent of weathw conditioIM, or when a Imowledge
of them will not be of advantage to the navigator. In addition to
those weather conditions which interest the sailor, the aviator is
dependent upon and bentited by a knowledge of the detailed struc-
ture of the medium which sustains his craft; and while he may to a
de ee disregard atmos heric conditiom, it is not. likel that the time

fwi ever come when aL {owledge of the air cm not e used by him
to advadage. Just what information will be most useful to the
atiator is a question that experience--and ossible development of

%aircraft must determine. More data thau t ose now being obtained
will doubtless be rec@ed. The purpose of tkee brief notes is to
show the sort of atmospheric data amilable and to put the subject
in such shape as may make it bear directly on the problems which
are met in aviation.

The author deairea to acknowledge the assistance of I&. W. R.
Greg~. who haa reduced the data on which these conclusions are based
and read the proof; also that of Profs. C. F. Marvin and J. F. Ha oral,

$who have kindly read ad oriticimd the copy, making helpf sug-
gestions thereon.
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REPORT No. 13.
PARTL

PHYSICAL PROPERTIES AND DYNAMICS OF THE
ATMOSPHERE.

Aiknosphric const&um#e.-Approximately 78 er cent, by volume,
iof the air near the earth’s surface is nitrogen an 21 per cent omen.

bother diatomio gas, hydro en, is found uniformly distributed,
but in very Sd quantity. h e monatomic gasea, argon,. neop,
helium ~ton, and xenon, are present, their volumes being m
the or&r green. Other gases and vapors of more complex moleoular
structure and less uniformly distributed are water vapor, carbon
dioxide, ammonia, and sulphur dioxide. The last three gases named
are hydroscopic and seem to exist in the atmosphere in association
with more or lass watei, depending on the amount of atmospheric
moisture avaiIable. Other gases, as well as dust of both terwt.rkd
and merteoric origin, are present in vary@ quantities dependirg

don the time or Iooation in which observations are ma e.
.Distribu&-n.of cun.sti$wnt gases in the atmosphere.-lil order of

their atomic weights the first eight of the gases mentioned are hydro-

%h
en, helium, nitrogen, oxygen, ?eon, argcml

%
ton, and xenon.

en mokwular weights are conmdered, neon is dinthe Iist, and
nitrogen and oxygen fourth and fifth, respectively. It is probable
fiat thase gases are sorted by avity and that as thp distance from

%the earth’s surface increaaw, t e roportion o~ the hter gases in-
l!l 9oreases unjil at some W ht, 150 lometms or more a ove sea level,

%the chief constituent of e air is hydrogen. C?onveotive mixing of
the air interferes with this sorting to some extent, eapeoially in the
lower 10 kilometers of the atmosphere.

likkatim and con.&nsation.-Reeent observations and experi-
ments indicate that the h

r
oscopio gase6, rather tlmu dust or Ions,

furnish the nuclei u on w ch the wata va or-of the air oondenses,
/’ fforming haze and o or cloud. Strata o am that are hazy are

Efound co be rich in t ese hygrosoopic nwki and usually a disturb-
ance that elevak such strata either in whole or in pert resuk in
cloud formation. It may happen that the temperature of the air
in the haze layer is lowered without acoompanymg ohange of leveI,
with the result that a stratum of cloud replaces the stratum of haze.
When air of the haze layer is foroed up in places by a relatively
strong vertical oom orient in its motio~ the resultin type of cloud

? %formation is cumu us; when it is cooled, either by emg elevated
as a whole or by other means, the type of oloud resulting E stratus.

41
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The formation of cumulus clouds therefore accompanies turbulent
atmospheric conditions, andis in turn w indication of these conditions.

Pressure and umii%of meumwemente.-Atmospherio premurcs are
most famihly measured in inobs or millimeters of the height of a
column that wiU just balance the static pressure of the air at a
given place. Thus, the standard pressure commonly dxated one
atmosphere is a oolumn of meroury 760 millimeters b h having
a tern erature of 0° C. under gravity at sea level an

h
% latitude

45°. e pressure of the atmosphe~ and local differences in those

f
ressurm are forces capable of causing flow and motions of the sir.
n order to be able readily to compare these forces with other forces

with which we are familmr it is mosfi convenient in all aerdogical
studie9 to

Y
ress the atmmpheric pressure in d es per square

Pcentimeter, w “ch is the unit commonly employed or the memure-
ment of pressure. Metworolo - h gen.eraIly have aggeed upon the
distinctive name “bar” for E unit for measurement of air and
similar gaseous pressures when gx resswdin absolute tits. A pres-

{sumof one bar is a force of 1,00 ,000. dynes per square centimetm
of area. It is exactly equivalent to the rewure of a mercury column

//of 750,016 millimetwa at 0° C. and re uced to standard gratity at
sea level and latitude 45°. The familiar standard atmosphere of
760 niillimetere equals 1.0133 bars: The millibar (rob.), i.e., 1)000
d es per square centimeter, is the customary subdivision of the
Ea olute unit, and in a barometric measurement is about three-

fourths as large ae the familiar tit “one millimeter of mere .”
3Accordingly, pressures will hereafter be expressed in millibars. ea

level pressure will ra
?&’

e roughly between. 995 and 1,060 mifibars.
kh temperature a wrtical motion.-The ratio of their speci60

Gheats at constant pressure, CP,and at constant volume, 0,, YE ~ ~

varies for the difterent cm.stituent g~es of the atmosphere~be&
about 1.8 for the group in whioh the rnoleouleaare triatomio or more
oompl~ 1.40 for the diatomic group and 1.66 for the monatcnnk
group. For dry air 7 is approxhnatdy 1.40. In the welI-known
equations for adiabatic ohanges, in which V, T, and p stand for
vo~~lof r+it mass, absolute temperature and pressure respectively,

(#/- ‘~md(~)=#-suppose thesubstiptio and ~,respeo-
tive y, repre9ent the con “tions, at two stations in the free air on
the same vertical line of an air mass thtit moves from the lower to
the upper station wi&mt appreciable loss or gain of heat from out-
side souroes. If we put ~= 1.40, I+= I, TO=273, PO=1000 rob., and
TI=272, and solve for pi in millibars, we get

k)
1 1,40

~1 = 1000 .40273 u 987.24,
272

Substituting these values of p, and pi in the standard equation for

difference in height, z= k log
(P)

& it is foUd that the vmti~
1

1For ddvaticm of these rektkms and tsbles sea~Onth@ W@her Review,April, 1914,p. 2d0.
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distance between the stations is 102.6 meters. An air mass cools
1° C., therefore, in asmmling a~proximatdy 103 meters, and of

y-
cxmrsewanns u 1° C.indesoen

J
the same distanoe. This state-

ment i9 true o
1

if no e- e of eat occurs either to or from the
air masa with t e outside ap if *nolatent heat of condensation or
eva oration enters into Oowderahon.

1?ocal heuting.-In passing through the atm
surface the sun’s radiant ene

Y
is considerably

tion from the upper surfaoee o olouds and from other boundmy sur-
faces that may ezist between strata of dilferent densities or constitu-
tion. There IS some dimhution of this energ beoause of direct
abso tion by the aaes of the atmosphere, but the amount thus

T fabsor ed is relative y small. In general, the sun’s rays are some-
what refracted by the atmosphere, and the amo~t of heat reaching
the earth by means of them is thus somewhat increased. Locally,
the amount of heat reoeived from the sun by the earth’s surfaoe may
be increased considerably by reflection from the sides of clouds, and
it may, of course, be dimimshed in the cloud’s shadow. lilaolatio~,
the heat” u effeot of th$ sun’s rays measured at the earth’s surfaoe, IS

?considerab y greater m the spaom. between cumulus clouds, for
example, than under’ ‘normal” conihhons, when there are no clouds
present. The air itielf wh~n dry absorbs but littIe of the sun’s
energy, and is therefore but httle heated by the direct rays of the sun.
Theearth’ssurfacereflecte moreorlessof thesolarradiationreachingit,
de ending on the nature of the material formingifi. Snow, ice, wa~r,

$an w-hitssand clay or rock surfaoes reflect more of the sun’s radia-
tion than do b~ackl %roma, or v etation+overed fields. The odor
of the surface is determined b %

T
e wave lengths it reffwk most—

a white surfaoe reflects all wave engtbs equall , while a black surface
absorbs SUwave lengths and reflects none. 5urfaces that are good
absorbers are good radiators, i.e., lose their heat readily by radiation.
Surfaca that absorb less readily “hold their heat,” i. e., are not good
radiators. There is, however, 1sss difference in the rapidity with
which these difkweut surfaces communicate their heat to the air by
conduction.

I.%uroes of atms ?isrio heat.-Altogether, cloudkmis and other
?factors considered, ess than half the radiant heat from the sun

entering the outer portion of the earth’s atmos here succeeds in
$penetrating to the lithosphere, whare it becomw ective in heating

the earth’s surface and the h near it. Notwithstanding this absor
rtitiith:~er the atmosphere as a whole is but little heated by t e

F
!o the sun. It is the earth’s surface that is the chief

source o atmospheric heat, and, as has been shown, this surface
100ally and in point of time recemes v- amounts of heat from
the sun. This means that localIy and in point of time the tem~ara-
ture of the earth’s surface vark. The surface tern erature m a

2field of black earth is somewhat higher at 4 -p.m. of a ear day than
is that of a eenpasture adjoining It and decldedlyhigher than that of

%a field of w “te wheat or wheat stubble in the same vitity. At 4
a. m. these relations of temperature are reversed. Similar but more
marked differences of temperature are found between kmd and
water surfaces. To these must be added the temperature variations
accompanying elevation and latitude of the surface considered.

—

.—
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Conduction and convection of heat.-The earth’s surface heats or
cools the air in contact with it 1 sly by conduction. It follows

3that air temperatures at Ioweet lev wiLlvary in the same sense as
do the temperatures of the earth’s surface, but not necessarily to the
sama extent. Convection procmses h: the air wiU then distribute
the heat. During insolation the air lying on the earth’s surface is
likely to be recei “ some heat from tha earth by conduction; at
night itislilmlyto egi”

y %“E
heat b the earth. As water is

evaporated from lakes, etc., t e eat of evaporation is furnished by
the earth’s surface; and this heat is suppIied to the air at higher
levels as heat of condensation when the moisture condenses; e. g.,
wherever fog or cloud forms or wherever condemnation of vapor
yields any form of recipitation.

Ruliatwn and al 8orption of hmt.-lle proportions of the con-
stituent gases in the atmosphere at an point exert some influence
on the air tam erature at that point.

:
Tf a given level in the atmos-

phere is conai ered, the inflow through it of ene
Y

from the sun
and the outfIow through it of ener y from the cart ‘s surface and

%from that part of the atmosphere elow the level in question are,
in the long run, e ual.

3
This energy is either transmitted through

the atmosphere wit out heating it or $ to a greater.or 1sss degree,

f
awed alon by the process of absorpt~on and m-rachation. In the

%atter case t e air is heated to such a temperature that equilibrium is
established between the rates of absorption and m-radiation. This
temperature is dillerent for the different atmospheric constituents
being proportional to their abilities to absorb solar and terrestri~
radiation. While the amount of solar radiation absorbed in its
passage down through a clear atmos here to the earth’s surface is
relatively small, about two-thirds of &s amount is absorbed b the
water vapor of the air. TOn the other hind, a huge ercentage o ter-

Erestrial radiation is absorbed as it flows out throug the atmosphere
and most of this abso tion again is b the water vapor of the air.

% dThe earth’s surface is t erefore to be ought of as by far the most
im ortant source of dmos~heric heat. Whan temperature dis-

!tri ution in the atmosphere E thought of from this point ~f view,
the. earth’s surface temperature, i. e., the earth’s potential as a
rachator, must be taken mto account.

At% nwvemmt.-The density of adjacent portions of stationary
free air in uilibrium under the attraction of gravity varies in a
definite wa %

{
m one surface or stratum to the next Iugher or lower

one, but t e density tends to be uniform thro~~hout one and the
same surface: which may therefore be caUed an equigrafic surface.
An equigrawc surface as a plied to atmospheric conchtlo~t~~~ ~~

{through portions of the air aving the same gravitational
!?Arrangements of air densities not in qsnformity with the orego” “

Y~$re~ents are accoxn tied by motions. The denser portions o -- .-

?
1!pulled down y ~avity s read out partiall mingle and

&{ are pusked up, gut are corn- :.rep~ace t e less dense portions, w c
monly said to ascend, and may also int “ le and spread out until

?
Ye uihbriumis estabbshed. Both vertical an horizontal components

o motion are necessary in restoring equilibrium. IX the composi-
tion of the air moisture contents, etc., were exactly the same over a
considerable extent then equigravic surfaces for a state of equilibrium
would be horizontfi surfaces.
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The densit of air at constant pr-ure depends 1
itemperature, ut to an extent also on its constitution. %’!L!;::

strata of the atmosphere moisture is the only constituent whose
quantity varies sufliclently to aifect air density appreciable . It has

?been shown above not od that air temperature varies mm point
{to point in the atmosphere ut that the moisture content also varies.

lkmalIy temperature and moisture content aflect air density in the
same sense, 1. e., emincrease in either makes the density less. Near
the earth’s surface, where the moisture content and the tempera-
ture of the air are rather directiy controlled by the nature of that
surface, maxima and minima of air density may be found within a
few meters, or even a few centimeters distance. Farther awa from
the earth’s surface these maxims and Tminima of density are erther
apart. Whatever the dimensions of tie air mass considered, there-
fore, it is likely to contain one or more com lete circulatory systems

fin process of adjusting the diifwences in ensity of its arts.; and
it itself is likely h be mo - !/, in conformity with the need or smiler

Yadjuatmeqt on a Iarger sc e.
(Xnzvechveay8iem8.—In the process of adjustin these difterencee

%in atmospheric densi~ still another factor in t e distribution of
temperature is introduced. Air masses, with their heat content, are
earned bodily from place to place without change of level and oonse-
quentlywiti comparatively httle chaage in tern erature,volume, and
pressure. &r masses also ch

Y
ie level whit entails change of

pressure end volume. Work is one when the volume of a given
massofairiech ed. When its volume increases, the en

%mnished eithrbyoutsides ourceeor~~~~this work must be
itself; when the volume decreaeea, energy is given to outsi e objects
or to the as itself. When the ener~ is all supplied by or to the air
mass its& the temperature change m the air mass is 1° C. er 103

Jmeters, as ‘has been shown above (p. 43). It is clear that e total
heat content of the atmosphere cannot be changed by these motions
of the air, for under the conditions of our atmosphere as much air

p#nt!k, mr from B, or air displaced by air from.~ .m&.&~~v:&
must o up as cornea down, and if air moves from the point A to the

e
F

int A. Because quantities of heat are earn
circ story systems and also because ternper~t.ureditkences are the
prime caus- of the differences in demnty gm-mg rise to them, they
are often called convectives terns.

&11.acendi~ aiT.—h ascen “ air mass may have the energy re-
quired for lts expansion furnished in part by absorbing radiant heat
and by the heat of condensation of water va r that may take place

rwitlun it. It will lose some heat by con uction to adjacent air
masses, by mixture of air near its boundaries with air of thee masses,
and by radiation. The percentage of the required ener~ which
ma be furnished by absorption (conduction and radiation also

J
2

in uded depends on the rate of e ansion or of ascent of the air
mess. Tt is always small and probab y not considerable, except for
rates of ascent well below 1 meter per hour. The ercentage of

?required ener furnished by heat of condensation o water va r
Ymay be as hig as 60 or more after condensation begins, depenG

on the amount of water vapor present. When precipitation occurs,
the net result so far as air temperature is concerned, is the transfer
to the air, in t!hecondensation level, of energy originally derived from

—

—

.—

—
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the earth’s surface when the water forming the precipitation was

3
eva orated.

uceruling fzi~.-A descending air mass may furnish heat to ad”a-
kcent- air masses by conduction, to objects or air at a distance y

radiation, or it may sup ly heat of evaporation to water sus ended
in it as mist or cloud. Ec $me radiant heat may be absorbed y the
air mass as it descends. The conduction tiect u small. The absorp-
tion and radiation tiects are smaller than in the case of an ascending
air mass, because of the relative dryness of the descend”

%
air mas9.

The amount of heat of condensatlom supplied to ascen g air is,
of course, far in excess of the heat of evaporation “ven up by de-
scending air. fIt follows that the adiabatic rate of ecrease in tem-
~erature withleight~ i. e., 1° C. per 103 meters, is more nearly realized
m descendin than m ascending air currente.

2Extent a rate of air mvwmeni. —When any convective s ~c:~ ~
considered the extent of horizontal motion in the air 2
determine~ by the horizontal distance apart of the maximum and
minimum air densities of the system and on the direction of the
motion between these two points. The extent of the vertical motion
in any system de ends on the condition of equilibrium 1 of the air

imass involved an on the magnitude in any equigravic surfacel of
the dHerence between the maximum and minimum of air denmty.
!t!herate ofnnotion either horizontal or vertical de ends on the rate

Eof change of density in any equigratic surface of t e s@em. #m-
pared rwth the rat= of horizontal air movement observed, vertical
motion is very slow. Horizontal movement of 25 metem per second
is frequerdl recorded, especially at some distance above the earth’s
surface, ani rates of three times this have been observed. It is
estimated that over the thermal equator the air is rising at the rate
of about 1 meter per hour. Rates of vertical motion as “ h as

%4 or 5 meters per second may occur locally; e. g., in the eeper
CllDIUhlZclouds,z

Atmospheric equilibrium.—The condition of equilibrium of the
atmosphere or any part of it depends on the vertical distribution
of its density. Since density depends largely on temperature, the
vertical distribution of temperature is the best direct indication of
the equilibrium, If potential temperature (defined below) rather
than actual temperature is considered, the relation of temperature
to equilibrium becomes more direct and apparent. The potential
temp~ature at any oint in the atmosphere is the temperatur~,

Yexpressed on the abso ute scale, which would be assumed by the au
about that oint, if this air were changed adiabatically-to standard
pressure. &l e potential temperatur~ of a g~, like :te e,ntrop ,

fremains constant throughout a reverslbl? or strictly aciabuti: cyc e
of changes and increases for an irrevemble process. When m any

1The eond!tfon of equflibrlmn of any eystem rmder the fnllaeneeof my forcewhdaer faWabIeif, when
Wghtly dfehrrbed fromits positionof uflfbrfum ite tentfelenergyf6!nereased,neutrel ffftepotermiel

7
%~&T~?-$b;~=~~~${;~~mw&it~~~ dieturbd~avezticrd

, and unetabe if its potht~- fsdeoreaeed. An afr maw fn equitlbr!um

%??%’m+z=ddowukm i. e., & edditforrto owrmning the fnertk.of%%%%%d ~%?%
alrmass,tie dtir
if the dr meeeW fn ble e uflfbrfum no work done,either by & dletarb
~&M99ti99:’ I?ti air&be ti~~;t;~s=w~~%b}w:~%%~

ndlt!onof ufUbrfnmofthe&maes bemmhbIe. Inotherwcmle
P&t:&~

phere,fn its avemgeconditfonofe@%rfrrm (s33per. 15,folbwlng),moreorlwetmngly * vwtfoel
motion depsmdfn on the

~C. *. Brmkee%ee (lf.%%~J$y~~~~863) he meaenred7rw’eee.at Bloc Hffl,We%
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region of the atmosphere the rate of fall of temperature with altitude
is 10C. per 103 meters, i. e., the a@abatic rate, the potential tempera-
ture is constant throughout the region and the state of equilibrium
is neutral. H now, in the upper part of this r ‘on, the mr dpneity

3increas= by an amount such that ye addition pull of gra~t~ on
account of this increase in density IS sticient to qvercome fnchon,
downward motion will result. On the other hand, ti air in the lower
part of this region decreases in density by a sticient amount, upward
motion will result,. Ih either case a state of mtable eqfib~um is.
brought about. Since in the free sir density varies quite directly
with temperature,.this unstable state is accompanied by a tem era- .

%ture-sltitude rdation of more than 1° C. per 103 metem or y a
decrease of potential temperature with height. When the potential
temperature increasee W& height, i. e., when the temperature-
sltitude relation is lew than the adiabatic rate for @ air the state
of equilibrium is stable, and the degree of stability IS imkcated by
the rate of incress~ of potential t-perature with height. b a region
of neutral equilibn~, air in low levels, which becomes warmer, that
is, less dense than lta environment, wiJI, barring friction, ascend
inddnitely to the to of the region in questioq or until it+ excess

%of heat is lost b ra nation or exchange with k surrounchng air.
&Similarly, in the “gher Ievds ~y portion of such air which becomes

cooler or denser than surroun
layers unless Sto Y

portions will dacend to the bottom

from without. Hen t{e equilibrium is stable warm light air can
ed b loss o Its excess density due b heating

ti but a limited amount and then oome to rest] beoause. it soon
enters strata having the same tem erature and densit as Its own.

i 6Siarly cold heavy air in the hi er leveIe of a stab system can
Fdescend fmt a limited distanc~ be ore it comee to rest in a stratum

of its own temperature and densit .1
&?3ariuiiinw in atmosphic ei@7 rium.-h a whole, and on the

average for any particular r
Y

on, the atmosphere is in stable equilib-
rium. It is only for limite times and re~ons that neutral or un-
stable states of equilibrium exist. The neutral snd unstable states are
found most frequently durin~ inaolation and near the earth’s sur-
face. They may axtend to &e 2-kilometer level and in some oases
higher. In general, stability increases with latitude. The air is in
more stable equilibrium in winter than in summer and at night-
time than during insolation. This is especially true of the stratum
in which turlndence is most IiHy to occur. On a clear, quie~summm
day it is often ossible to observe the process of con-mrwon from
stable to neutr8 and unstable equilibrium of the air in the lower
stratum. As immolationheats the earth’s surface, the air in contact
with that surface becomes heated and to such an extent that its po-
teutial temperature is higher than that of the air immediately above
it. The result is the descent and spreading out of the air of lower
potential temperature end the ascent and spreadhg out of the +r
of high% potential temperature. The vertmal extdi of .ti cir-
culation IS but a meter or two at the start and graduaIIy mcresses
with the increase in the tem emture of the earth’s surface. It

&noften happens that the air wi “ the neutral or unstable region is

I It fshfglu fmporfant that fha fwegorng bass Prbiei Ieagovern@ motfomof- ot~ ati@-
.d fta n&fam he thmugldy mpmhended a# rmiateredby tha student. F

gmd.kmtofb?ln!xmtm and ftsfnhnenm o+lvertkal~ ml%%%%P&%f%23!%? =
-%tib~kak constant attenttonmosth

. .

●
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hazy compared with the air above it. To one on a hil or mountain
top this haze level is distinctly visible by the time it has risen well
above the tree and house tops and ite upward progress can be noted.
The term “haze ~evel” $Ja natural one because; to the observer, the
boundary between the u in stable and that in unstable equilibrium
k clearly defined and a pears to be very a proximately leval. The

5 &rate of rise of the haze evel for “ven con “tions of the earth’s sur-
%’fww mems to vary invendy wit the stability of the air above it,

i. e., inversdly with the rate of i+crease of ~otential temperature
with height. Consaqmmtly, the h ht to wbch turbulence of this

3sort can att@ in q given region, y. the time the e~s surface
has reached lts maxmmm temperature for the day, van% inversely
with the stabiIity of air over this region when ineolatlon began.
This hei ht has been found to be about,1 kilometar above the earth’s

fsurface or a clear winter day and 1.5 kilometers for a clear summer
day, at an inland location and over open farmed land in which are
occasional atdma of timber.

?Types o convectives stems.
L

—The type of convective system thus
far considepxl is one w. “ch has its origin in a difkrence of air density
over a given equigrawe surface, Illustrations of this t e of con-

Tvective system are the planetary system of convection,. t e diurnal
system, and those currents set up because of ditlerences m the nature
or elevation of the earth’s surface, such as Iand and water systems,
mountain and valley systems, also of combinations of these. These

z
s terns are essential local either .in point of time or location on

e earth’s surface. L addition to these, there are traveling con-
vective systems, such as those a maxima and minima of
premure as they pasa from weat canes, thunderstorms,
and tornadoes, the ori in of whi so directl~ or com-
pletely ascribed to a &“ erence in density over an

%
uigramc surface.

Degnw of wverribility of atmospbic procww.— eversibihty in
atmospheric processes ma result largeIy from ch~e in the consti-

Jtution of the air concerne in the processm, but also m some measure
to the abso tion and radiation of heat by this air. So far as the
atmos here%ss been explored, the constituent most conwrned in
this cl!ange, as wall as the one res onsible for a l-e percentage of

%the absorption and radiation of eat by the air, IZ water vapor.
Great ohangm in water vapor content occur, as a rule, only in the
tit 3 or 4 kilometers of the atmosphere. In this region, there-
fore, proceseea are least nearly revemible.

Complete revemibility of atmospheric recesses seemEto be more
Kclosely approximated, as distance frornt e earth’s surface increasee.

If the changss tahg place within a convective unit are reversible
the unit is self-contained and indepcmdent of adjacant units. I1
th- changes are irreversible, the unit is not independent of similar
adjacent units and their airs mix to an extent de ending on the
degrees of irreversibility in the units concerned. 8 the procesws
in the convective unit re resented by the trade and antitrade winds

!were reversible the air o the antitrades would all have returned to
the tradea b ~e time it had reached the northern limit of the tradm

J(conhing e illustration to the northern side of the thermal equa-
tor). The air of the antitrades is not-able to return directl to the

dtradw largaly because its constitution difbm from that of e air in
the tradee. Much of it therefore moves on to the north on the
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earth’s surface and either returns to the tradea from higher latitudes
or replaces air of mother convective unit which in-turn must ~upply
some air to the tradee. This condition remdts m the ~assm of

ill?more or 1w9 oppositely directed air currents on the earths s ace,
the air in these passing currents being as a m-de quite d&r-
ently constituted. There are many ways in which the assing of

Jdifferently constituted airs in nearly oppositiy direc currents
is brc ht about. In the Tropics, for example, where insohttion is
high, a~ocal laud and water convective system may create air cmr-
renr~ counter to the revailing trades.

P
%e of tile cart ‘~ ~otatwn.-Because of the earth’s rotation,

air or other matter) in horizontal motion over the earth’s surface IS
acted on by a deflect.- force, to the right in the northern hemisphere,
to the left in the so%wn hemisphem. This force is 2a mVsin.;

where ~ is the angular velocity of the earth’s rotation (i.e. *4),

m is the mass of the body acted on~ V is the speed of motion of the
body, and x is the latitude. It is unportant to note that this force
is mm at the Equator, but increases to 2wnV as the poke are

&
ap roached.

till’
then, a current of air is flowing along a straight line on the

ear s surface (i.e. do
Y

a great circle) in a frictionless manner at a
uniform speed, this de ecti-re inkence due to the earth’s rotation
must be bahinced by an ual and opposite force. This last,~ due to

%the reasure gradient in
x

e atmosphme which ia by defimtlon er-
pen “cuharto the isobars. ?It follows, hen, that the current o air
must be aIong a path exactl at right angles to the
u, parallel to the isobars. f 3

adienfi, that
t is seen without diflic ty that this

preesure gradient ~= 2W Vsin X,where p is the density of the air.

Taking X 45°, the ressure gradient across an air current mom
at 11 m.p.s. is 1f millibars, or 1 mm. of mercury, per 1(H)
kilometers, or ap roximately 0.1 inch of mercury per 158 rides.

EEleven m.p.s. is t e mean wind s d for the year, observed about
P300 meters above the surface at ount Weather, Va. Actuq speeda

may de art far from this mean in either sense. Summer winds are,
asa m! e, sIower and winter winds faster than this-mean.

If the current of air has a constant speed V in a cde of radius r,
there must be a foma acting on each particle of the air in toward the
center of curvature equal to m V/r; the deflective force due to the
earth’s rotation acts in this direction in an anticyclonic systam
(i. e., a “high”) in the northern hemisphere and opposite to this
direction in a cydonic systam (i.e., a “low”). It folIows at price i@t
the force due to the pressure

E
adient must be radd out m a lugh,

and radiaHy in in a low, and ?at therefore the lines o flow of the cur-
rent are parallel to me isobaxs. It is obvious, then, that in order
to have a uniform flow at speed V, friction being assumed negIigiile,
in a curve of radius r, V must satisfy the following condition:

p’l?
— =* (pressure gmdient – 2P Vsin X),
T

whye the ylus sign a “
antIc~cJonmsystem. ?KrPw&:{:$k&lEq%zl$r %2
the’ gradient velocity. ”

291650-+.Doe.~ SS-~

—

.—
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Friction is never absent, however in the movement of air; and
conrwquently the force due to this skould be taken into account in
the ab?ve equations. The line of flow wiJl never be uite parallel

l-lto the ~obars; and the ~gle of inclination will be such t at the force
due to the pressuregmhent-which B per enchcukirto the isobars—

iwill have a component along the line of ow sticient to overcome
the force of friction,

Presewe dMriWbn.—Another description of the condition exist-
ing owing to the earth’s rotation is to say tlqit ther? is a region of
low pressure -on the left sld~ of two oppowtely ~ected pa+ng “
currents of W, r+ndone of lugh pressure on .th~ right sldw, 1.e.,
two oppositely chrected assing currents of am WLUhave low pres-

%sure between them if eac passes on. tle other’s left, but high ~res-
sure between them if each. asses on the othe~s right. The sumin
these currents are usually & ersntly constituted, especially in res ect

d?to water vapor, and of chflkrent temperature. The pressure a ent .
ris therefore in such a direction as to cause them to mix on t sir left

sides, where the cold, denser air keeps to the earth’s surface, forcing
the warm and leas dense air to rise. This “line type” of convective
~~~ in which the airs of d&rent densities are mechanicrd~yplaced,

mimmt to a greater or 1sss degree in cyclonw, antlcyclonss,
tropical hurricanes, thunderstorms, and tornadoes. It @ on “the
b~cnd~ lines @tween these JWO ~ positely moving au rnasws,

Y
f

constituted and having &&’erent temperatures, that the
centers o cyclonM, tropical hurricanes, and anticyclonm are found.
It is in the vicinity of these boundary lims, especially to the south
of the cyclone center, that thundemtorms and tornadoes most
fr uently occur.

‘? h opagati.onof atnwsphetic dhturba?w?.-b air mass that is
Trelative y dense for the level it occupies, may not be able to sink

directly to a level appropriate to its density, because of its high
adiabatic rate of heating compared with the slower rate of cooling
of air, latent heat of condensation considered, at a lower level that
must rise to take its place. Such an air mass may, of course, be
resting on the earth’s surface. This-air “rows in motion over the
earth’s surface, or over an ‘~aerial bottom,” will tend to conform
with the “bottom” over which it flows.

If the bottom or supporting surface be of irn+@ar contour, like
the earth’s surface, the tendency to” tinform with it will result in
a periodic-all alternat”

i Y
expansion and contraction of the air in

&
ucstioq,wit attendant c angssin tom

r
ature,pressure,and motion.

nvectme units of this t e we cane guste and the wind in which
Pthe occur carries them or some diitanca beyond the irre ularity

& fin e bottom which caused them. H this bottom be the soli earth,
there is no response b? the rigid earth to the traveling gust, which
oeasas to exist as ongimdly formed. Either equilibrium will be
restored in uninterrupted flow over level surface or other irregu-
larities in the bottom will superpose new gusts.

If the bottom or au porting surfaca be aerial and the irreguhritks
iin its contour be in t e nature of prewure variations originating in

the lower stratum, there will be reaction in the lower stratum to the
gust initiall caused by it in the upper stratum. This interaction,

%while proba ly not of suf&cient magnitude continually to re-create
the pressure variation in question in the lower stratum, does seem
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to be sufficient continually to realign the using air currents of the
B1O-WWstratum, which in turn are responsi Ie for the pressure varia-

tion. This realignment keeps up with the movement of the air in
the upper of the two strata and redta in a moving disturbance in
the lower of these strata. This mechanism, more or less modikl
by atmospheric conditions, such as temperature distribution and
~f~anie .,m the lower stratum, seems in general tmcontrol the motion

L disturbances in the surface stratum of the atmosphere
and expIains the fairly well.established fact of observation, viz, that
alI traveling disturbances m the surface s@tum have, m .generaI,
the speed and direction of the air movement m the stratum unmedi-
ately above. Tropical hurricanes, for example, seem to move with
the antitrades, the high snd low ~smureumm~mofthe m.id~e lati-
tudes with the upper westerlies. b anism is operative
in the “separation’ of lows horn a semi~ermanent low and of highs
from a semipermanent high. The smmpermanent high or low is
a surface stratum phenomenon and has da osition fixed by load
conditions and must itself remain in pkwe i ut it does oreate the
disturbance or gust in the mo~ air of &e stratum immediatdy
above, which is carried forward and in its turn interacti with the
air of the lower stratum. The result is that a traveling qgh or low,
as the case ma be, se= to “separate” from the semp

i
ermanent

high or low an continue m the eneral directaon of the upper cur-
rent. A traveling ihsturbance is k ely to decrease iR intenwty when
there is a southward component in Its motion as a whole and to
increase in intemi@, whm there is a northward component in its
motion, in aooord with the value, 2 a p V sin A, whioh increasw with
latitude.

—

—
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REPORT No. 13.
PARTII.

By IVmLLAMR. Bm.

TOPOGRAPHIC AND CLIMATIC FACTORS IN RELATION
TO AERONAUTICS.

&cation and me of base 8ta&m&-A knowIedge of climatic condi-
tions is of advantage in the selection of locations for aeronautic base
stations and in the ylacing of the fields and buildings. If the region
in which a station B located is mountainous or forested or in the
vicinity of very high buildings, an e@oration of the air to such
heights as will include all the peouliaritk of circulation introduced
b these obstructions to the normal flow of the air is also of decided

xa vant?ge in this connection. Even when the location of a base
station IScom Ietdy determined by strategic or other considerations

C&naside horn ate, the climatic and serological mn-veys are of
decided value in the pIan and use of the station. These meteorolo -
ical factors have to do with behavior of the engine, with the metho L
aud materjal used in the construction of the craft, and especially with
the ease and fr uency of accessibility of the station by aerial routes

%to aircraft of all - &.
Dtiturhnce8 uwed by buildingg.—From a meteorolo@cal point of

vie-ivplaces only a few miles apart may v
3

greatly in them desir-
abilityy as locatlons for base stations. Pec .aritiea of topography,
isolated trees, forests, or tall buildings may reduce troubl~ome and
often dangerous disturbanc~ in winds t%at otherwise would be
fairly steady. -

T
e 1 ilhxtrates a disturbance caused in a 22

m. p.s. (50 mi. p. .) wind by a small round tower. The tower is 6+
meters (18 feet) in diametw at the base, ta ers slightly to the eaves,

tand has a height to the point of the roof o abouti 6 meters (2o feet)
above the grouud level. The ground was kept bare of snow for a.
width of about 3 meters (10 feet) and a distance of 160 meters (525
feet) to the leeward of the building, at which point the surface took
a decided downward alo e. As the air current passed tie tower two
helica wme formed. +’o one standing in the tower the rotation of
the air in the heh on his right was counterclochtie; in the helix on
his left clochtie, as shown by the suspended snow. The air de-
scen~~ in the middIe of the path swept the snow outward and
forward to both sides.

Guhuxw caused6y topagrap7iy.-Figure 2 illustrates the changes in
the horizontal rate of movement of the air as they occur in the aver-
a e westerly wind near the .esrth’s surface. On the average the ac-
3c eration m the horizontal component of the wind s ee

3
d shown

is about 7.5 centimetws per second per second. Acc erations of
three or four times this amount are frequently observed. It would

53
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require a positive horizontal acceleration of 17 to 20 times h
amount to sustain a bird or well-constructed a$pkne in soaring
flight. In other words, 5 per cent of the force reqrured to sustain the
plane is furnished b the.average acceleration in the horizontal com-

Zponent of the win illustrated. b. airplane in flight through the
wind would experience now this 5 per cent incre=e and in a few
seconds or 1ssstime a decrease of equal amaun$ or a total than e of

fone-tenth the force required to sustain it. Going into the-win -the
lane would rise in the increasing and falI m the decre w-red.

&oi~ with the wind,, the opposite would be true. Thaect on
the mrplane of the variations in ah ~ressure acc~mpanying these
changes in the.hotintal syeed Qfthe.w mQVWMntH COrnaratlvely

!inconsiderable. Observations of air pressure made near t e earth’s

30

20

10

I @.OCITY tilLESPER ~OUR I

t ------t---r-l------t-----l------

I NOON 1 2 3 4

Fm.2.-Remrdof wind speedby prfsmre tube fmsmometac.

surface indicate that a pressure variation of one-half of 1 per cent of
the total air pressure wdhin a horizontal distance of 30 meters (l@

“..

feet) would bean extremely large variation, found only in such severe
disturbances as thundemtmms or tornadow. M d~t v@*

?directly as the air ~ressye, and the support “veri an sup ane m a
given air mass varw vwth the air density. ~ follows that in this
extreme case the effect of density variation would hardl be notice-

Jable to the pilot of an airplane compared with the e ects of the
variationa in wind speed illustrated.

VertiMl motion h gusts.—These changes in the horizontal com-
ponent-of the air movement must necessarily be accom anied by
similar changes in the vertical comp~nent. The yertic 3 changes
are relatively small in amoun$ being, m. a surface wmd of the sort,
merely the vertical motion imdent to the ex ansion and contraction

{of the air as it adapts itself to the contour of t e bottom over which it
flows. Depmding of course on the position of the planes this verti-
cal component of motion ia much more effective in proportion to its
speed in sustaining an air lane in the air or in forcm It down. In

i Egeneral, however, it is Li ely that the aviator attac es undue im-
portance to the ellecti of vertioal motion in comparison with the
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eilects of changes in the horizontal speed of air movement. (See
par. 14, OIL1.)

The extent o di&uNwnce3 LXZuaedby topograpliy.-lle ending on
{ fthe contour o the earth’s surkca and on the speed o the wind,

ts of this so.fi may and to a he” ht of 40 or 60 meters (130 to
TO feet) or

%
fher. That part of t e Blue Ridge Mountains on

which Mount eather is located rises full 300 meters (1 000 feet)
Iabove the valley floors on either side of t e ridge. The disturbing

atlect of this ridge on a wind at or nearly at right an@s to the ridge
has been observed to extend from 700 fio 900 meters (2,250 to 3,000
feet) above the mountain top. TIM greater hei hts were observed
in the winds of higher speeds. %It is probable t at disturbances in
the lower ah brought about mechanical! by such obstacka in the
path of the wind as trees, buildings & , and mountains seldom
extend bigher than four times the ~eight of obstacles above the

h
eneral level of the earth’s surface in the vicinity of the obstacles.

e nature of the disturbance caused depends on the contour of the
obstacle and wind speed. Figure 1 illustrates one @pe. bother
and a more common type has frequently been observed on a Iar e

fscale at Mount Weathar. k the casw above mentioned, where t e
disturbance extended to a height of 700 to 900 meters (2,250 to 3,000
feet) above the top of the ri e, the effect of the ri Uewas to deflect

T *the air upward at all levels a ove the to of the ri ge and for some
Tdistance to the leeward. The air in the ow~ part of this deflected

current, soon after pass”
%tie ‘“~ ‘:”tie ‘&e’ ‘ad a ‘omw%doompommt of motion whIc broug t It to the valley floor at a dlS-

tance awa from. the foot of the mountain, depen
d Y

on the wind
speed. e horizontal omnponent of the motion o this air de-
creased so that at a distance of sometimes M much as ten times the
height of the ridge above the valley floor, the air was descending
verticality on the valIey floor, part of it returning toward the foot
of the mountain and part of it oing on out into the valley. That
part of the air returning towart the ridge continued up the side of
the mountain to near the top, turning here again to join the general
current. IQ one instance a wind of 27 meters per second (60 xniles

Y
er hour) osrried away a kite that was flying at a height of less than
,000 meters (3,3oO feet) above the mountain tip. The falling

kite was followed by mems of a theodoIite. in order to determine
accurately its landing lace. After it passed below the level of the

$mountain top it seeme to descend rapdy into a well-known patch
of woods about 3 Klometers (2 mb) from the station; but bsfore
reaching the woods it was ca ht in a fairly strong wind blowing

3toward the mountain and carri baok to within about 2 kilometers
(1 @es) of the station before it iiudly settled to the earth’s surface.

L turbanc+x-ed 8 Zoca.?haating.-The earth’s surface varies
!eonsidsrably with regar to its power to absorb radiation and thus

becomes more or lees heated locall .
?’

(- paI’S. 5 and Q, d. 1.)
Abrupt and tiequent variations o this qort iq the vi@uty of m
miatyyI field need close attention., ~ey mtenwfy. conmdarably the
oondhon of “roughnws” or ‘Wumpiness” of the au that ~evads at

Lcartti times and places, sometinm to the height of 13 ometers
(about 1 miIe) above the earth’s surface. Assume that the air over-
&ng a certain area is in stable uilibrium at the time insolation be-
gins on any clear day. A part ~ the sun’s heat incident on the outer
atmosphere reaehes the earth’s surface but without tiecting to any “

—

—

+
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considerable extent the condition of equilibrium of the air through
-whichit pases. A 1 e art of the mm’sheatincidaut on the earth’s

?$surface is absorbed an t e surface thereby heated. The air in con-
tact with the earth’s surface is heated b conduction, decreases in den-
sity somewhat aml changes places wi& relatival~ denser air imme-
dia.tel above it. Thus, the process of transformation from a condition

;of sta le to a condition of neutralorof unstable equifibriumisiuitiated.
It has been shown (par. 15, oh. 1) that the rate at which this trans-
formation roceeds upward depends on the rate of heating of the

r?earth’s su ace and on the initial stability of the atmos here imme-
diately above it. ?)Over a plowed field, therefore, which a sorbs a cer-
tain amount of the sun’s heat, the transformation will proceed u ward
at a given rate. fOver a neighboriu field of, say, wheat stubb e, the

%surface of which reflects more and a sorbs lees of the sun’s heat than
does the surface of the plowed field, the transformation will proceed
at a slower rate. At some e

IT
atic surfac?, below the transforma-

tion level over the plowed fie d, ut abwe this level over the stubble
field, the density of the air over the plowed field will be 1sssthan that--
over the stubble field, and, ~ indicated in aragraph 9, cha ter 1, a

k ilocal convective sy+em the dimensions of w ch depend on t e areas
of the fields in uestion wdl be set up byway of distributing the heat-

%ing eflects of t e two fields. It is cleai that small local convective
s teme of this sort must occur in such a way as to either increase or

r ecrease the qeneral w.rmovement over this part of the earth’s surface
Wd thr$ vertical compon~ts of air movement will also be added, thus

;lmti;:i&gh”s ‘r
“bumpiness” of this air to an airplane -

Olbnu#icf’tors.-When a larger territory is considered, climatic
conditions am found to vary greatly from place to place. These
climatic conditions detarmine in a general way what aeronautic work
can best be done in any part of the country and the desirability of any

articular place as a location for an aeronautic field and base station.
b ata are now in the Weather Bm”eaufiles sufhient for the purpose of
comparing difbentplacea throughout th6 country with res

P
t to their

accmsibiht~ by ae~al routes for different types of aircr t -i. e., the
sort of aerial harbor ease of entrance and exit, and othert

%-aidered which aircrak would tid at tlus places. These data or~~y
placermd the inferences based on them can be made available on short
notice. The olimatic factors that most need consideration in this
connection are outlined as follows:

1.

2,

3,

4.
5.
6.
7.
8.

Wind:
(a) Direction.
(b) Spead.

Tem erature:
(af’ Normal.
(3) Maximum and minimum.

Precipitation:
((z) Normal.
(b) Exceesive.

Fo ,
YRe ative humidity.

Cloudiness.
Air pressure.
Thunderstorms, tornadoes, and hurrica&w

—.
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Use of ctimatic dattz.-%rne discussion of tie separate to~ica in
the abpve outline may seqve to indicate the reason for them con-
sideration, the form in wluch the data can be found and the way
in which they can best be used. In general data should be considered
by months and the suitabili

?
of sny Iocation as an aerial harbor

determined in this way. A p ace maybe an excellent one for aero-
nautic operations during certain months of the year but less suitable
during other months. This distribution of suit.abiIity throughout
the -year is of rime importance and the stud of the data by months

t renables it to e determined with suflioienfic oseness.
Wind spsed and direction.—The premding direction of the wind

and the means eed of the wind from each direction at a lace selected
for the eatab& f’ent of an aeronautic station should argely deter-
mine the layout of the

x
ounds and the orientation of the buildin~.

AU aircraft, but espeoi y those of the lighkdmn-air types, can leave
or enter a hen ar with greatar ease and with lees likelihood of damage

ito the craft w en go.
Y

into the wind than when the wind or a con-
siderable com orient o it blows aoross the entrance of the hangar.

AFor heavier- an-sir machims it is especially important that the
field be so laid out es to furnkh lpnty of cdear way for launching
and Ianding paralIeI to the rev

$
& g wind directions. Prevailin

fwind direotion by months an also by hours for the 24-how. perio ,
together with the mean speed of the wmd from each chrection, can
be furnished b the Weather Bureau for a huge number of placas

Jwdl distribute throughout the ccmntry.
Qales.—Wmda of hi . sped render the Iauncbing and lsndin of

Laimlaft diflicult. The ft of wind speed above winch i:~m~ctiii
able to attempt launching airoraft vemes with the t

FPertinmt information on this point is found in the eather Burea~
reoords of the number of da~ with gales at its difkraut stations.

ITind direction and sfiness.-It is much more diflicult to han-
dle aircraft in a ty t%m in a smoothIy flowing wind.

r
Gustiness is

usually meaaur and
T

ressed as the rate of ohange from seoond
to second in the horizont speed of the wind. Clmnge ofs ed in the

rhorizontal direotion is, as a rule, accompanied by more or * change
ofs eed in a vertical direotion, and may be taken as a fair indication

Rof t e turbulence of the air current from the aviator’s point of view.
As a rule west winds are ~tier end therefore “bumpier” than
east winds. This difference m the nature of the winds is not based
on the wind direction at ti but follows 1 ely from the relative

%densities of the sir flowing in theaa currents. eairina westwind,
because it is moving in the same &motion as the surface of the
rotating earth, exerts a very slightly great= downward ressure,
depep

?
on its rate of movement, than does air of equaf’ density

mo
-%

rom the east. H two such currents met, the tandency
wotid e $or the w@ wind to keep to the earth’s sqace, forcing
the east wmd to a &her level. It is also true that the arc of westerly
winds in this country is usually drier and colder and therafore denser
than the air of easterly winds. & a result of this dHerence in density
the wmterly wind lies close to the bottom over which it is flowing.
If tins bottom be a topo aphically rough p% of the earth’s s~aca

Fmuch local expansion an contraction orp&,pg&g~~;$:

yll
westerly air current :

K
tiness wouId not oc _@~*at# qq~ L? so ol~se to the

ttom ovw which it is owing. Aassa breeze fo
...: ~= f(,!LIl+p# ~mplel regard-

—

—

--

.-
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of its direction, is likely to be much freer from gusts and consequently
smoother than the land breeze over the same point. T’he air of the
sea breeze flows over a Comparativdy smoot+, uniform surface, while
that of the land br~ze flows over a Ccmqsaratm-elyrough solid surface
the nature of which may also vary greatly from lace to place.

Air temperature and “roughness.” f—The norms air temperature at
a place used as an aeronautic base, also the minimum tern eraturea

ilikely to be experiencwl, is of intarest in connection with t e opera-
tion of the engine and the comfort of-the pilot and others handling
the machinery. The maxima of tern erature likely to be expern-

Cenced are of interest from this and a o from an entirely different
point of view. It is likely that all days with temperatures 32° C.
(900 F.) or above will be days on which the surface air is uite rough
because of considerable convectional action. 1The depth o the rough
or bum y air increasea durin insolation until well into the afternoon.

& %Depen “ng on the length of t e diurnal period of insolation the maxi-
mum depth of this condition on a clear day is likely to be I to I*
kilometers (} to 11 miles). It is turbulence of this type that is
especiall likely to be increased by sharp variations in the nature of

dthe ear ‘s surface with respect to ite abiIity ta absorb or reilect
solar radiation.

Preci “tation.-Pmcipitation, whatever ita form, is not neces-
sarily a%indrance to ff@ng, but the added weightion the aircraft, as
well m the oor visibdity, are great handicaps, and exc~ive re-

? $oipitation o any form may render tight impossible. The a ded
weight of rain or snow on the craft may be considerable. A snow
cover, -peciaUy when the snow has freshly fallen, so than es the

%appearance of the earth’s surface and covem up roads an other
lines that the aviator has difficulty in keeping his course.

l%g.-Fog is a serious hindrance to amal navi ation. It is prac-
%tically im ossible to kee a course in a given orizordal plane or

indeed to L ?ow in what- ane the craft lies.
● &Hum.idity.-Whether e relative humidity is high or low is not

an im ortant consideration unless the air k so extremely dry that
la?specs care is required in seasonin the wood used in the pro ellers

% fand other parts of the craft, as w-e as in the construction o thase
~arts and in the glues and varnishes tiid, The amount of moisture
m the air Mecta the operation of the gasoline engine, but this is a
pohtof[~nd

%
conelderation.
“ e in military operations the aeronaut may use

a cloud cove~~o advantage, the average pilotin times of peace pre-
fers a clear sky when he flies. The prssence in the dry of certain
types of clouds viz, clouds which form because them is an upward
component in & movement of the air below them, indicates a more
or lese turbubnt condition of the air from the earth’s surface up to
the cloud base as weIl as within the cloud itself. Such clouds may
be scattered cumuli or in the form of a fairl solid cover.

1
k every

case the bases of the separate clouds or of t e cover appear sharply
defined and uniform in height. The disturbed ccmditlon of the am
within the cloud may well be thought of separately from that below
the cloud base since in the cloud other causes of turbulence are in
operation owing to the presence of “the cloud particles. These
causes produce turbulence within clouds of other types as well as
in those which form in air having a veriid componantin its motion.
TKhilethe pilot may expeot “rough” air within any cloud, the pres-
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ence of the convectional cloud forms, especially of scattered cumulus
clouds, leads him to expect ‘f rough” am below the cloud level as
we$m~~ ar. 3, oh. 1.)

J ice jormatiom on afircrajt.-Aircraft- remaining for
some time m a fog or cloud layer, whemthe latter is at low temper-
atures, are likely to coIIect a considerable weight of moisture in
one form or another. This is ~peciall~ true of the lighter-than-air
craft. Cloud and fo

13
articks maintam themeehs in Ii uid form

at temperatures far ow freezing. 1If this be because o the sur-
face tension of the prticle, any influence that breaks down this
tension would pernut the freezi

%
in one form or another of the

water of the particle. Asmmin
f

at aimraft within a fog or cloud
layer at temperatures WEJIbe ow freezing ie eIecticalI ch ed

“ dbe b%cdsurfaw tension of fog or cloud partickx approaching It
down and, depending on the size of the particle and the temper-
ature, freeze on the ccdd surface of the aircraft in crystalline or
amorphous form. Similar cmditiom~ but with higher tempera-
tures, ma result in the col.Iection of hquid moisture on the surface

a?of the cr t.
me” air prwiu+e. —The air pressure, or the height above sea Ie-d

of an aeronautic base station, afFectechiefly the operation of the
gas$r~v:l%mgines.

3
dis$w?wws mnAdewd.-While this cha ter concarns

itself chi
1’

;with the sort of aerial harbor that can e had in any

E
articular ocation and not with the laying or ~ursuit of a oourse
etween two points, it is thought best not to chvide the considera-

tion of the next to it-thunderstorms, tornadoes, and hurricanes-
$although it has to o with comes ursued between two stations as

Jwell as with the accessibility of ei er station by aerial routes.
Thnderstwms, hurricanes, ad turnadoes.-!lhese are disturb-

ances in the lower atmosphere of relativel small area and may
Joftan be seen a p~aching m good time for e pilot, if he be in the

1air, either to y around them or to land until the disturbance has
passed. The aeronaut would benefit greatly by some Imowledge of
the nature and extent of these disturbances.

Frequenq of thukrstornw, etc,-The frequency of occurrence
of disturbances of these sorts in a giv+ region may be takan as an
indication of the turbulence of the air m that region. Consequently
data on thunderstorm frequency, for example, would be of value in
the consideration of a location fm a base station. Such data are in the
Weather Bureau records and are readiIy available.

A thunderstormdewrhd.-hring a kite flight of June 21, 1916
at the Drexal Serological Station 32 kilometers (20 miles) west o~
Omaha, there occurred a typical t~underetorm. Figure 3 shows the
temperature

r
client observed in botbscent and descent. Wmd

directions an s ee+, cloud base heighte, and other notes are made
\on the curves s owing the temperature-altitude relation. Figuree

415 and 6 are the baro am, the
f T

am, and hy ogram, respec-
tme~y, recorded during t e passing o the storm. !& e observer of
surface meteorological conchtiom makes the following notes:

Thunder to the wed was heard at 12.15 p. m. A threaterdng,dark,p @inted

A
cloudwasobservedto thenorthandwestof thestationat 12.30p. m. htnin~
fliuheswereeeenin thiecloudat about the same time. The wind
WE. toWNW.at12.40p. m. The loudwt thunder was heard at 12.46 p.m. “ t

r!
aat 12.47 . m. and heavy* a mi.nuts later. Last thunder was h to

ti%n~ east at LO p. m. Rain ended at 1,54 p. m.

.—
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The observer at the kite station m~~ tie ad~~on~ ObSWV~-
tions:

a iUathighspeedthekitm h diractl overthereelhouse when the
wind changed abruptiyfcomESE. to%iTV.,i. e., t?ewinddidnot-k a=ti-

UgiWd CODIpmeILtinthe NS motion when the wind% at tie -e ~k
cimIebut changed by directl reversing ite Mon. Therewaaevi enc. of m

p ce. ThemrfaceESE.wind,which8raduallY_.dti S.an STV.aathealtitude
umreaeed,gainedconsiderablyin epeedaetheWormapproached.

—

.—

—.-

Fm. 4.-Snrhcn prcsmm change (huhs) atDresfdARO1@CSIEWimd=fw
thuodemtmm on Jnne 21,1916.

—
—

—

FM &-snrhca tampeiatureOWWS (W * D~ ASMWCSI s@tfIxI- fi-
storm on June 21,19111
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FIG. &+urfam reMfve hunddity chang@ U) at Ilrexel Aemkglml StMon
$’during Uumdemtorm OR IJIM21,1916.

Exp?unatbn of the recor&-The rise iQ ressure shown by the
%baro am and the faU in tem erature shown y the thermo am are

Fsimu tanecme and occur at J re time of the wmd change a ove de-
scribed, or, in the case of this storm seven or eight mmutes before
the. first recipitation.

h
The rise in ~tidity begg when the rain

be
Y

e height of the cloud base indicated in Figure 3 is about
1 “lo&eter (0.6 mile) above the”-eaith’i surface, that of the upper
surface of the cloud 1,6 to 2 kilometers (0.9 to 1.2 miles) higher.
At the time of the sudden change in rmsure and

iappears that the rdativel~ cool and ~ ..erefore dense
forced the warmer Em. wmd u from the earth’s surface. kum-

fing that the surface air of this atter wind reached the cloud base
level by the time precipitation be an, it would. have an upward

%com orient of 2 m. p. s. (4.5 mi. p. .), The ho~ontal component
of t%e speed of this current of air as indicated in Figure 3 is about
eight tirw the sup osed verticaI component. These are ideal condi-

itions for soaring “ght but a tio near approach to the boundary
planes between the ditferent cuI.Ter@ h action. here would. be. clan- –
gerous because of the great difkrences in wind speed and direction
that obtain.

Warning of Wm.derstorrn’sapproach.-The aviator has in the case
of the stirxn just described a warning of from 20 to 25 minutes. It
would be unwise for him ta et into the region of the abrupt wind

$change. In this time he ehou d either eflect a landing or change his
course so as to go around the storm either ta the right or left of it
or above it. The direction and rate of motion of storms of this t

Tare fairly well indicatad by the winds in front of them and by e
ap earance of the aloud.

%nmderstormjlrqwmcy,-While data_on thunderstorm frequency
indicate that these storms occur more fre uently in certah rqyons of

%the cmntry than in others, it may be w to consider variations in
this frequency at a particular location. It has been shown above
that thunderstorms occur when a denser, ueuaIIy colder, @r mass
flows under and forms up a less dense usually warmer, am mass.
In other words thundemtorma are most~ely to occur at the bound-
ary between a warm and a n+.tivel cool + m% or at the breaking
Up of a hot spell. In “afoIlo
is discussed it will be shom~~!~g~~~~~~~~%?
storm fmqu~cy for a given location is to e south of a low-pressure
area. Thunderstorms are occasionally found to occur to the south
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of high-pressure arms and lees frequenti in regions aside from these
ftwo, where the topography or nature o the surface in combination

with local conditions gives rise to them, e. g., where the earth’s eur-
face is much broken by hills or mountams. On land, thunde~
storms of the type above described ha-re a diurd maximum of
frequency. Tl+s maximum occurs just after the hottest art of the
day, or following 3 or 4 p. m. iThunderstorms are deci edly more
fr uent in the summer than in the winter months.

7 urbuknt conditiom indicated by thundeWmns.-Thunderstorms
may be occurring over a considerable area, thou

F
at the same time

no one storm is of ve great area and may osn ly be avoided by s
Y Epilot who has got we into the air. It is t ? turbulence of the air

indicated by the occurrence of thunderstorms m the r
T

$on, that is o
aspecial interest when the accessibility of a gi-ren eld by aerial
routes is being considered.

Oyclonic tiimderstorm.s and tornadoea.-There is another t of
Ythunderstorm which usually occurs within a heavily clou ed or

rain area. In this type it is thought that the origin of the disturb-
ance is in the cloud layer. There ISa sharp drop in the surface pres-
sure while this storm asses and an almost mumdiate return to
pre9torm conditions. k - t e of storm is not nearly so common

Fand does not seem to have een so fully investi ated as the type
fabove described. The wind action seems to be cyc onic, and the two

kinds of storms ma well be designated “line” and “cyclotic.”
iIt is uite conceiva le that a thunderstorm of the cyclonio type

?scould a o originate as a result of =cessive local heating, the area
heated being relatidy small when the excess of heat is considered.
This origin ~ all the more probable when the heated area is near
the boundarm of pass-

Y
u currents. ExtremeIy severe cyclonio

thunderstorms may dev !p very hi h wind velocities and do great
fdamage espechilly on the rqght half o the storm’s ath. When they

$have so develo ed, these storms are called torna OSS.
~TO~”Cd C

91

Z!k? s or hmicanes.-These are, as a tie, storms of
hbrger area an either thunderstorms or tornadoes. They seem to
have a sin+lar origin, i: ?., they occ~ O: the boundary between air
mass= of ddlerent densntm and movmg m opposite, or nemly oppo-
site, directions. These storm9 are of a more permanent t e than

Teither thunderstorms or tornadoes. TBey can, therefore, e fore-
told for a greater 1 * of time (sometimes for several days) ahead

%of their occurrence an can the shorter lived thunderstorms and
tornadoes.

Direc&m. of trawl of disturbed condition.-Thunderstorms of the
line type seem to .trad approximately at right an es to the line

ebetween the two am m- of difterent deneit in w .ch they ori@-
{nata and into the warmer air msss. Those o the cyclone t e m-

includingtornadoes a pear to travel with the general drift of
f

% e air
in the upper

i
mt o the stratum in which they occur. Hurricanw

originate m t e trade wind belt in the summer half of the year and
extend up into the antitrades. The antitrades seem Iargel to con-
trol the direction amd rate of travel of these storms. A em the
direction and speed of travel of storms is Iargely determined by the
direction and speed of an upper wind current, systematic observations
of this current by means of kites or free balloons .sid greatly in pre-
dicting future positions of the storm at given tunes.

—

.—

.—

—





REPORT ~Oo 13.
PARTIII.

By V7mmuaR. B-.

CURRENT METEOROLOGY AND ITS USE.

G%ment mekwdogical 038ervation8.-While the sdection of a site
for an aeronautic base station or training cam , in so far as it de-

%pends on meteorological conditions, can best be ased on the mdeor-
ological reoords of many stations for a period of 10 ears, or longer if

Jpossible, the best current use of the station must epend to a great
extent on the making and roper interpretation of current meteor-

$ologic.al observations at an in the vicinity of the station. Free air
as weU as surfaoe observations are needed.

SURFACEOBSERVATIONS.

~eathe-rreports and fWWL8k?.~UrfaOS observations of air presaum,
temperature, humidity, movement, reoipitation, olcmdins, sun-

ishine, eto., are made by the Weather ureau twice daily, and oftener
when found neoesmry, at more than zoo r

T
ar stations. These are

colleoted at the foreoast cwntersby telegrap , map ed, and, to ether
$ fwith weather predictions based on them, are ma y for chstri ution

within about two hours after observation time. It would be to the
advantage of every aeronautic station to reoeive these weather
reports and to make its owm weather maps. The more the atiator
oan see and understand of the weather map the better.

fl’he simultaneous *ptic zceathermap is a convenient srra e-
%ment, on an outline map of the oountry, of the data observed at

.200or more Weather Bureau stations. Figure 7 shows such a ma .
5The weather conditions portrayed on this map are-sharply detie ,

boundaries of the characteristic weather regions being easdy distin-

F
ed. The most striking feature of the map is the system of solid

es whioh beoome closed curves about the oentsq of the low-pressure
area in lower bfichigan and about the oenter of h-pressure area in
northern W oming.

%
9These lines are oalled iso me beoause the

pressure, rm oned from the indications of mercurial ~arometers at
the +fferent stations, is the same at all points through which any
one lme passes. The observing stations reporting are indicated by
smaU oircIes. An arrow head attached to each cmcle indicates the
direotion in which the wind is blowing. After allowing for local
peculiarities in wind direction, owing to topography or h the prox-
unity of land and water surfamsj it appears that a. norfihdy wind
prevails between the trough of low ressure b the east and the ridge
of high ressure to tie west, and

{
t%at a southerl wind prevails be-

Jtween t e ridge of high pressure to the east an the trough of low
65
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pressure to the west. Passing air currents of this type are accom-
panied by low pressure on them left sides and high ressure on their

Iright sides. When the trou hs of low pressure or t e ridges of high
%isturbedby topographic or other wma-press~e thus formed are WI ._

Fm. 7.—D8DYWmther ~p, Nov. Z&1911. (Speohl type, V@“wld warn.”)

tions in * nature of the earth’s surfaca the pressure difhrence
between them incream with latitude. T!his map illustrate well
par~ap% 1~.to 19 Of chapter 1, whioh deal with winds and relatad
pr~urq di$ributio?.

‘“h@ M ““ ‘m%z&:$r$%!KL%e$E:o:%~the map are ISO*.
eating the looation of freezing temperature, as it passea from the
southerly to the northerly current, i. e., throughthe minimum of air

L
~essure, turns sharply to the south. It begins to move toward

her latitudes as it approaches the maximum~f air pressure. The
%in ‘cations of the timpsrature observations are that the air of the

southerly current is warm for the sesmn, while that of the northerly
current B cokL There is a tendenoy in these currents to move down
the pressure slopw i. e., to flow from regions of higher to
lower prewre, an T~ thus to meet more or Iesa directly on ~~~~

Y
sides. At this mee “ the odder air, being the denser, continues on
the earth’s surface an forces the warmer air to rise over it. Another
ccmditiop contribut@ to {he rising of the warm air in the southerly
current IS that part of It, m a proaohing’ the oenter of low pressure

%aon its tiont, converges somew t. This ccmvergenoe tads to forcO
the ament of some of the air in that part of the current. In these
larger disturbanoea the rates of vertical motion are very slow comp-
ared with those which occur in thundemtorms. By observation m

dan extreme case, the area of the base of an air column was foun to
decrease ta about three-fourths of itself in about four hours. Assum-
ing this convergence to ocmr to a depth of 1 mile, the greatest
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sseensiond rate that oould ocour in ‘my part of the air mass on
account of this convergence would be less than 2.25 meters per minute
(7+ feet per minute).

Tile rain area of the low.-A oareful study of the air simulation in
the vicinity of an area of low pressure inchca- that the air of the
southerly current is defleoted most toward the resaure minimum

?and oonvergm most in front and to the north o the center of low
pressure, and that the ak of the northerly current is ddlected most
and spreads out over the earth’s surface to the south of this line.
Since precipitation results direotly from the asoent of the relatively
warm moist air of the southerly current, t+e two factors operate
to lace the oenter of the precipitation area m the front, posmbl a

f Elittte @ the qouth, of the center of low pressure. AIpmst any west er
map rn wluch a wall-formed low IS dlustrated Will show the rain
area oentered m the front half of the low.

Other rain arem.-There is, as a rule, but Iittle @xing of the
northerly and southerly currents across the -ridge of h pressure.

9Mix+g may opour here, beoause of ~ deflecting action o the earth’s
rotation and m s@e of thG opposing pr=ure gradients. When it
does, small reoipltation areas maybe found to the northeast or to

!the south o tie oenter of WUh pressure, where the warmer moister
air of the southerly wi+d has risen over the colder air of the northerly.

Xotion of low and hagh preeewe arem.-Thw lQWand
?

h pres-
sure areas travel from west to east across the oountry with a out the
speed and direotion of the wind at a height of 8 to 5 kilometers
(2 to 3 miles). A suggested explanation of the way in which tbie
movement is brought about is given in Part 1, pp. 18 and 19.
The winds vihioh seem b con$ol the storm movement have a wide
range ofs awls, averaging about 11 meters per seoond (25 miles per
hour). ikl%t low-pressure areas enter our country from the north-
west, a few oome from the southwest, and others enter at some

r
int along the mast of the GuIf of Mexioo. Practical all lows

$cave the country at the northeast. This axit is approache by many
routes, but in enersl by wa of the Great Lab and St. Lawrence,

5 %byway of the hio Ititer Va ey, or by wa of the Gulf and Atlantic
coasts. The motion of the areas across & e cnun~ brings to the
plaoes traversed tie different typ~ of weather inchcated for each
area. If one had a typical low-pressure area and a t ical h@-

?pressure area charted on transparent pa er, one oould,
i Ithem over the map from wwt to eas$ fo ow the wind an w%a%’%

changes 000- at an particular uty or-place for the path taken
by the low or lugh.~ L easterly wind, owrus clouds followed by
lower olouds, preoipitatio~ and, es the wind ohangss to northwest
by way of north, clearing and oooler weather, are in eneral the

#order of wind and weather change one wouId experience” the oenter
of the low-pressure area passed b the south of him. Similarly these
changes may be followed for any position with referenoe to the
center of either a passing high or low ressure area. The rules

iprinted on the daily weather map are as fo OWS:
I$%enthewindmtaintim poiniabetweensouthaud southwst and the barometer

falls steadily a storm iE approaching from the west or northw-, aud ~ta center will

%!;+w~F&”a$r&GEE”sT”” .~mm.a~~
U.rmuundar t.?latitle “The!weather ktap#

—
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passnearornorthof theobserver within 12 to 24 hours, with wind shifting to north-
west by wa of eouthweatmd west, When the wind sets in from points between

1the east an northeast and the barometer falb steadily a storm is a preaching from
the south or southwest, and its center will nearortothe sou&oreAofthe
obmrverwithin 12tiMhom,tititid=gtintiwmtbym~fnti. !l?be
rapidity of the storm’s ap roach and iti intanrnty will be iudicated y the rate and

?hthe amount of the fall in e barometer.

~TacteT and intiy of highs and bw&—ThMs areas may vary
in character and in intensity during their journey across the country.
It is olear that this must be the case. In the case of a low-pressure
area, for example, the temperature and moisture content of the
southerly wind entering the low on-its front is to a large extent
determined by topography and other characteristics of the surface
over which it bknvs. The difference in temperature between the
southerly wind in front and the northerly wind m the rear of the low-
pressure area is to some extent a messure of the activity about the
center of low pressure, while the size and position of the preci itation
area, as well as the amount of precipitation in any part of J
depend largely on the moisture content of the southerl wind: ?%:

fwho would predict the weather conditions for a given p ace needs to
consider these variations in charaoter and intensity, as well as the
direction and speed *of travel of the high or low pressure area.

Sewonul cfianqesm the highs and knoi?.-The weather conditions
acoompapyin hqgh and low pressure areas vary with the seasons as

%
‘W=mti’ ‘n% but aU these phenomena are dependent on

nature and topography of the earth’s surface
over which they truv
the fact that the centers of these areas are located oq the boundary
between a warmer and q colder northerly current of air.

27w thunderstorm~eqwn.-A north and south line throngh the
center of a low-pr~ure area lies approximately in the boundary
between the warm ammass to the east and the cooler air masa to the
west of it. It is in such a

T
“on that thundemtorms and tornadoes

are most likely to ocour in e summer months. Tern erature and
fother conditions most suitable for the dmdo mcmt o these local

&storms are found to the south of the oenter of e low-pressure area.
There is much more likelihood of the cold and warm air mixing md
therefore of thunderstorms, in the south half of the tro h o~ low
pressure than in the correepon

%
!%region of the rid e of igh res-

%r fsure. This is because the air ten to flow in the “ ection o de-
creasing pressure. Certnin arts of the country are seldom travemed

fby low-pressure areas an seldom, therefore, experience thunder-
storms or tornadoes while in other regions these more local storms
are quite frequent. kad flying condit~ogs are likely to be experienced
in the region of turbulence to the south of a low-pressure area, espe-
cially in the summer half of theayear.

htti of dhturbanw and dwection of motion.-It ma be readily
!! Jinferred cm the forego~~ discussion tha~,-indepen ent of the

nature and to ography of the surface over wluch it travels, the inten-
%sity.of a distur ante, whether about a center of lugh or of low pre=uro,

vanes with thp direction of its traveL When the eonter of the area
mows south m the Northern Hemisphme the action about it is
H# ~n~-aae in intensity, because 2PUVsin h and consequently

6 decreases with latitude and vice versa. (See Part I,

p. 495
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UPPEE-AIROBSERVATION.

l%e value of u per-air obrvaiimw-’lhe aviator is concerned ss
well with lay@ L course between two points es with the location
?nd qurrent use of his station. This involves a howled e of what
M gol ~ on ~bu-ve as ~ell as near the earth’s surface.

3
$?%ilein8

gener way ~t IS pmble to predict upper-air conditions from the
surface data as shown on the weather map,. observations of these
conditions can be so conveniently and so qmcH~ made that every
aeronautic base station should be equip ed wth apparatus and
pe~?nnel for making them. 5Some conai eration of the relations

=!%ilometerawili
u between up er and lower atmospheric conditions within the

be of value in this connection.
Pressure distribution and lAg7d.-Referring again to Figure 7, it

is probable that at a height of about 3 kilometers in the atmosphere
above that ma the isobars are no longer cIosed as they are about
the centers of L“ h and of low pressure at sea level The transition
with height from the closed isobms k the approsimat+ parallel
and east-west lines is a graduaI one, the cIosed ~obars opening on the
~$t~~~y north, side of the low pressure area and on the right side

h. The best indication of this Chanmein the character of
%prwsure tribution with h~aht is found in ke observations of air

movement.
llh..d8 and prewure d&ribution.-When free to do s?, the air moves

approtiately at ~h~ s@@ -to the direction in whmh the pressure
gradient acts-that E, m eqwhbrium with the force of gravity which
tends to make this flow direotl down along the pressure a~ent and

al-d!the deflective force of thee T‘s rotation. The friction etween the
air and the earth’s surface or between two or more strata of air tends
to decrease its rate pf movement, T, and to that extent determines
the value of 2P V sm A. As a result of the decrease in this vslue the ,

T
avitatiomd flow of the air in the lower art of the Iarger current

&down the pressure slope established by e inflaence of the earth’s
rotation on this lar er current) becomes relatively rominent.

J JWind change m“ heightin ZOZDK-’WMI these r ations in mind a
study of Figures 8 to 19 will indicate in a general way what wind
direction may be expected at any height above a given configuration
of the sea-level isobars. In each figure the large arrow shows the
sea-level direction of travel of the disturbance; the small arrows show
wind direction. These figures are based on mesns of five years’
observations of the winds at difhrent heights above Mount Weather,
Va. In F“

Y
e 8? the mean angle between the small arrows Wd the

tangents o the mrcular isobara is 44°. k Figure 9 this mean le
is 33°. YThe radial component of wind direction outward from t e
center of the high pressure is, relative to the com orient along the
isobars, greater than the radial com

c
inent of win inward toward

the center of the low. The sense in w “ch the wind than es direction
fwith height and the extent of the chmge may be followe b examin-

{ing the wind directiom at the different leve.ls. As a rue the red
arrows iR octauts 1, 2, 7, 8 of-the low-pressure areas

7
about their

F
oints in a clodmise direction as one ascends vertic y to higher
evels; i. e., the wind in these octanta veers with height. In octants

3,4,5,6 the arro~ of-the low-p;assure.area for the most part ?Wing in
a counterclockmse chrection mth altitude; i. e., the wind m these
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octants backs with .hei ht. ‘JIheextent of this veering or ba “
with height seems to ~epend largely o. how far the surface%
dilTersfrom a wwt wind, since tlus is the premdiug direction at the
5-kilometer level and above. The dividing ling, to one side of which
the wind veers with he” ht and to tha other side of which the wind

%backs with height, is the e from the center of the low out along which.
the isobars open with height. Whethw-or not this line is the exact
boundary between the second and third octants depends on the re-

%vailing wind at the higher levels and also-on other conditions whit it
has been shown influence to some extent the direction of travel of the
low- resure area.

$ ind changewith heightin Ligb.-A eimiIar change in wind direc-
tion with height occurs in the high-prm.ure area, except that in the
high the isobam open with he” ht on the right side or on a line roughly

3cmncident with the boundary etween the sixth and seventh octants.
The backing with height occurs in octants 7,8, 1, and 2, and the veer-
ing with he~ht occurs in octante 3 4, 5,.and 6.

Qenerd!laws of wind d.unge w&3~ht.-Consid “ the turning of
3the wind with height independently of the pressure tribution, the

relations shown in Table I are found to obtain. Table II shows that
at 1.5 kilometers (1 mile) above sea level ractically all winds are

\from directions to the west of north or sout . At twice this height
-wst winds begin to prevail decidedly.

TA.BLE I.—lluming of wt”ndvn’thh~ht.

Dirwtfon at earth’s mrfaea. :yb,$g clOck-
Vatfon% wise.

Per cent.
N.ti ENE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 81 45
E.ti WE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . ..-
SE. to SW. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . # ;
wsw ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
w

46
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E !i
Nw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2a7 29
Nm . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 34 85

-
Caunnlnk

Wfse:

P@cd.
35
12
2
7

:
40
as

Nom.

Pa cent.
2a
1;

::
36
81
27

!I!ABLE H.-RektiweJrequm.q(perea#~ ~~~ fiwn Lhedij%en:direchhae obemed
ii!

,,,

.

Wfnd dlrwtlon.
636 760

N . . . . . . . . . . . . . . .
NINE . . . . . . . . . . . . .?!. . . .!-.:.
NE . . . . . . . . . . . . . 0.4 . ..i.r
EKE . . . . . . . . . . . a4
1?. . . . . . . . . . . . . . . 8.5 i6
EASE. . . . . . . . . . . 2.6
SE .. . . . . . . . . . . . . IL 1 ;:
ME. . . . . . . . . . . .
8

9.8 10.8
. . . . . . . . . . . . . . . 7.6 12:

Saw .. . . . . . . . . .. 0.7 .
Be . . . . . . . . . . . . . 21
Wow ... . . . . . . . . 3.6 H
w . . . . . . . . . . . . . . 8.9 “ 7.4
WOW . . . . . . . . . . 284 ml
Nw . . . . . . . . . . . . 17.0 19.4
NEW ... . . . . . . . . 8.8 7.!2

Altitude of wch level (metem).

20 !2.8 3.2

k; . ...:!. . ..?.
...... ....... ......

0.8
6.8 . . .. .. . ::::::’
0.8
2.0 0.9 . ..O.!’

2.6 a8
1%:
la: $: 1;;

16,2 li 1 26:0
19.0 10.7 ls. 8
1;: 17.; I&8

6.8
I I

___

1.0 1.8 . ..i.g . ..i.Y . . . . . .
1.9 1.2 . , . . . . . .

...... ....... ....”... . . . . . . . . . . . . .

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,. .-. . . . . . . . . . . . . . . . . . . . . . . . . . .
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.7 ....... .. .. ... .. . .... . ... ..

.. .. .. . . . . ...
It: 1:: k! 6.9 12.b
13.0 15.4 16.0
22.7 21.9 39.3 3%: M
FL: g; a~ : ~: 126

h6 tL6 8.8 6.2 ;:
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Wmd speed and heigti.-A general idea of how the wind speed inoreaaea with h “ ht is given by Table
‘%most cams the increase in wind speed is f sirly rapid up to the 1 or Ii kilometer (~ m e) level. Above the

meter (1 mile) level the increase in wind speed is more gradual.

TABLB 111.—Memwhcityof &n&jromeachof the 16 points at eaeii lewd, yaw.
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TURBULENCE. E’rc

13#2ct of obhwtiom on wind.-The character of the wind with
respect to gustinws also variea with height. The height to which

tinass, arising from variations in level of the earth’s surface, trees,
~ldings, and such obstructions, occurs, depends on the abruptness
and extent of the change in level and on the winds

E
d and direction.

Over a plain where the changes in level are owing geIy to buildings
and trees this kind of gustiness haa probably largely disappeared
at a heig~tmf 60 to 75 meters. Over rolling country, over more
broken IuUysurface and over moun~~~wo~ “one, the atmospheric
disturbances caused by the irr

Y
%?e earth’s surface ex-

tend to greater and greater hei~ ts. Limited experience in the ex-
ploration of these to o aphic effects in the atmos here indiodes

$F 5that they ma exten a ove the gen@. ground lev to more than
rthree times t e height-f the hill or mountain causing them,

Tw%uhe due to insoldun.--’hrbulence of the lower air restdting
from insolation and the variation from place to lace of the nature

e%of the earth’s surface, its ability to absorb or r ect sohw radiation
being considered, extends to heights vary-hg with the hour of the
day and with the season. On a clear summer day this turbuhmce
may reach a height of 2 kilometers (Ii miles); on a Clearwinter day
1.5 kilometem, or a httle less than 1 mile. we temperature dis-
tribution in clear weather and at ditlerent h

*
ts throughout the

24 hours, Figurm 20 and 21, indicates these “ “ts cpite clearly.
The afternoon maximum of tem rature, which owes da existence

zto the heat@ of the earth’s s ace and the accompany
%

atmos-
pherio turb@enca in the lower strata at this time, disappeam etween
the 1.5 and 2 Mometer levels in the summer months, and between
the 1 and 1.5 kilometer levels in the winter months. l?igurse !20
and 21 are based on data obtained in one par’s observations at
Mount Weather. These data are more full

f
L cussed in the BuIIe-

tin of the Mount Weather Observatory vo ume 6, part 6.
F7ying lwela and turh.lerw.—It is rokable that an airplane flying

J’at the heights indicat@ dove wo d .uot encounter turbulence or

T
‘ ‘ro hness’) of air of the t es unde~ consideration, It may be

adds that many stcmns, su% as thunderstorms, tornadoes, hurri-
canm, and cyclones of the timpmate r@one, maybe safely passed
over at a height of 3 kilometers (2 ~es). Most of the storms
occur entirely below the 5 kilometar (3 mile) level.
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Fm. !21.-DfurnaId!stribntionoft
I#&?%”&~:&”~of”’ ,-atdbl.ellt
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FM 21.-DIurnd dfntrfbntfon of tan emtura for the winter hrdf of the year at dh%rent
%0levelsa VeMotKitw2athex.
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Ternptmture chimge with 7ki@t.~F es !22, 23, and 24 are based
on temperature observations at E erent heights above Mount
Weather. Figure 22 shows the variatiom in temperature at the
earth’s surfaoe and at higher levds, which may be expeoted during

FIG .n.-man k4r temperatmegaboveMomltwe8ther,m. (mf.gllf.s h K?ks.)

FIG.23.-Temwutura dishitmticm iQ “
(HI@tg ~~; “-~ at ?JmtWaher.

the year. I@res 23 and 24 are a more detailed stud of the verti-
cal temperature distribution in difbrent uadrants of

&
J

the low presure areas, respectively.
e high and of

ey indicate that, even in

&.69t077fnclIJ.?Iv audon 81and82axe k?edonflYe year#o?M0ma.
Uk?i’t’%h%x%zt , v& Sea l?niMin 2 the a.tol%%%weathezOh?ervatccy, vol. 6, pt. 4.

291%6”-s. Dec m, we
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the mean, the tam mature does not always deoreaee with height.
rStrong inversion o tem~erature below the 2-kilometer leval are to

be expeoted during the winter halffi.the year, espeoially in the hi h-
pressure area. Aa has been shown in par

r
%sph 14, chapter 1, t

t e of vertical temperature distribution in cattwv
T %

stable atmos-
p eric equilibrium. In the summer half of the year e temperature

I’m. 24.-Tem~tme dfstrfbntionfn “ Lows“

,

,

oimr’wd at Wont Weather. (Ho!sM? in Km.)

ch~e with height is more rapid in _@is region of the atmos here,
Lespemally in the fit few hundred meters than in the winter. -

sions of temperature are infre uent mid of more or l= acoide%%d
%types. The ocmdition of equih rium is therefore less stable in the

summer than in the wider months, and turbulence is more likely to
Ocour.

.


